Title of the Invention 

Microcapsule and Production Method thereof 
Background of the Invention 

1. Field of the Invention 

5 The present invention relates to a microcapsule 

comprising an enteric anionic cellulose capsule derivative 
and gum arabic and to a production method thereof. 

2. Description of the Related Art 

Heretofore, microencapsulation has served such 

10 purposes as protecting core material from an external 
environment, controlling core material emission, and 
solidifying the surface of liquid. Microencapsulation has 
been applied in a wide range of fields, including thermal 
paper, pharmaceutical and food products, as well as 

15 cosmetic products, while assorted improvements and 
proposals have been made to the composition of the 
microcapsule shell material and its production method. 

Gelatin, natural polymers such as cellulose 
derivatives, and synthetic polymers such as polyamides have 

20 been used for microcapsule shells. Currently, gelatin is 
most commonly used as a substrate material. However, 
because of recent deepening concern over human infection of 
mad cow disease from cattle, cattle being a source of 
gelatin, there has been growing demands for a microcapsule 

25 substrate other than gelatin. Therein, applications of 



1 



hydroxypropyl methylcellulose phthalate or hydroxypropyl 
methylcellulose acetate succinate, which are cellulose 
derivatives of pharmaceutical additives, are particularly 
effective in the field of pharmaceutical products and the 
5 like because, as shown by their pH dependent solubility, 
they tend to be primarily used as coating agents for 
controlling drug release. 

Previously, when using anionic polymers for shell 
material, a method for producing microcapsules by 
10 coacervate phase separation after adding a coacervating 
agent of an acid, a base or a salt or the like has been 
disclosed. 

For example, Japanese Provisional Patent Publication 
No. 63-^287543 proposes a method for producing a 

15 microcapsule comprising one or more selected from the group 
consisting of polyvinyl acetal diethylaminoacetate, 
hydroxypropyl methylcellulose phthalate, and hydroxypropyl 
methylcellulose acetate phthalate and the like as shell 
material, wherein the shell material substance is either 

20 dissolved in an organic solvent such as ethanol and has an 
aqueous solution added to it, or made to coacervate (phase 
separate) by adding an acid or a base. 

In addition, from Japanese Patent Provisional 
Publication No. 2000-33259, a method for producing a 

25 microcapsule is known wherein an aqueous solution of 
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hydroxypropyl methylcellulose phthalate or hydroxypropyl 
methylcellulose acetate succinate is mixed with an aqueous 
solution of copolymer of methacrylic acid in a same charge 
state and at an alkaline pH, and then a coacervating agent 
5 such as sodium chloride is added thereto for coacervation. 

However, with the former method there are cases where 
an organic solvent is used in processing, which create 
difficulties with residual organic solvent when recovering 
a capsule and with operational safety and the like. 

10 Further, a shell produced by this method is obtained by a 
single-phase (simple) coacervation of an anionic polymer. 

On the other hand, the latter method produces a 
microcapsule by mixing two or more polymer solutions with 
the same electric charge, then adding a coacervating agent 

15 of a salt such as sodium chloride for coacervating. 

With these coacervations, because the anion part is a 
polymer and the cation part is a monomer of acid or the 
like, there tends to be a lack of control, such that the 
whole body of a capsule may harden during the production of 

20 the capsule because of the acid completely permeating into 
the core material, the polymer density may weaken from the 
shell becoming thinner, or the produced capsule will have a 
large shrinkage and thus lacks stability. 
Summary of the Invention 

25 It is an object of the present invention to provide a 
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microcapsule which can be produced using a low toxicity 
polymer substrate without using gelatin or an organic 
solvent which are seen as having a problem with safety. It 
is also an object of the present invention to provide a 
5 production method for such a microcapsule. 

The present inventors have, as a result of earnest 
research into the above problems, discovered that an oil- 
based material which is immiscible with water is suspended 
in an aqueous solution of gum arabic as a core material, 

10 then mixed with an aqueous alkaline solution of an enteric 
anionic cellulose derivative so that complex coacervation 
occurs between the anionic cellulose derivative and the gum 
arabic which has adsorbed on the oil-based core material 
and has been suspended. Consequently, a microcapsule 

15 having a shell material which comprises not one but both 
polymers is obtained. Further, according to the present 
invention, a safe microcapsule can be prepared since 
gelatin, which is seen as having a problem with safety, is 
not used, and neither is an organic solvent used in the 

20 reaction system. 

The present invention was accomplished by stabilizing 
a suspension of a core material with gum arabic as a 
protective colloid, then mixing with an aqueous solution of 
an enteric anionic cellulose derivative to form a 

25 microcapsule shell material of a complex of the gum arabic 
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and the enteric anionic cellulose derivative for 
encapsulating . 

The present invention, specifically, provides a 
microcapsule comprising an oil-based core material which is 
5 immiscible with water; and a shell material which comprises 
an aqueous solution of gum arable and an enteric anionic 
cellulose derivative. In addition, the present invention 
provides a method for producing a microcapsule comprising 
steps of suspending an oil-based core material which is 

10 immiscible with water in an aqueous solution of gum arabic, 
then adding an aqueous alkaline solution of an enteric 
anionic cellulose derivative. 

According to the present invention, a microcapsule 
with an oil-based core material can be produced, without 

15 using a substrate which has questions about its safety such 
as gelatin or an organic solvent, from a complex coacervate 
made using low-toxicity gum arabic and an aqueous alkaline 
solution of an enteric anionic cellulose derivative. In 
addition, the obtained microcapsule, when used as a 

20 pharmaceutical product, a food product or a pesticide, is 
non-toxic, is non-soluble in artificial gastric juice 
(Japanese Pharmacopoeia, First Liquid: Chloride buffer 
having a pH value of 1.2), and is degraded by artificial 
intestinal juice (Japanese Pharmacopoeia, Second Liquid: 

25 Phosphate buffer having a pH value of 6.8), thus showing pH 
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solubility dependence. Depending on the microcapsule base, 
the microcapsule may be effective as a controlled-release 
base since a release time for the core material can be 
controlled. 

5 Detailed Description of the Preferred Embodiments 

An enteric anionic cellulose derivative of the 
present invention is, among the three elution-test test 
liquids shown in the Japanese Pharmacopoeia, an anionic 
cellulose derivative which is soluble in Japanese 

10 Pharmacopoeia Second Liquid (approximately pH 6.8) which 

corresponds to artificial intestinal juice, and which also 
is non-soluble in Japanese Pharmacopoeia First Liquid 
(approximately pH 1.2) which corresponds to other test 
solutions such as water or artificial gastric juice. 

15 Specifically, an aqueous solution of the anionic cellulose 
derivative may be prepared by dissolving into an aqueous 
alkaline solution one or more selected from the group 
consisting of hydroxypropyl methylcellulose phthalate 
(HPMCP) , hydroxypropyl methylcellulose acetate succinate 

20 (HPMCAS) , and hydroxypropyl methylcellulose acetate 
phthalate and the like, preferably hydroxypropyl 
methylcellulose phthalate and/or hydroxypropyl methyl 
acetate succinate . 

Although the molecular weight of the enteric anionic 

25 cellulose derivative is not particularly limited, the 
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amount of hydroxypropyl group substitution is preferably 
4.0 to 23.0% by weight, in accordance with the measurement 
method in the Japanese Pharmacopoeia. 

An aqueous solution of a base selected from the group 
5 consisting of sodium hydroxide, potassium hydroxide, 

ammonia, ammonium carbonate, and meglumine may be used for 
the aqueous alkaline solution to be used. 

The concentration of the aqueous alkaline solution, 
for example, if dissolving a cellulose derivative (HPMCP, 

10 HPMCAS) , for a sodium hydroxide aqueous solution, may be 
preferably 0.01 to 1 N. The concentration of the 
substituted cellulose derivative in the whole solution may 
be preferably 0.1 to 20% by weight. In addition, it may be 
preferable if the pH value of the prepared solution is made 

15 close to the pH value around the dissociation point of an 
enteric anionic cellulose derivative. Specifically, a pH 
of 4.5 to 7.0 may be preferable, further preferable may be 
a pH of 5.0 to 6.5 which is close to the dissociation point 
of a cellulose derivative. If the pH is less than 4.5, the 

20 cellulose derivative may not dissolve. If the pH is more 

than 7.0, excess alkali may preferentially consume a later- 
added cross-linking polymer, whereby the microcapsule shell 
may not generate. It should be noted that a dissociation 
point of an enteric anionic cellulose derivative is, for 

25 example, for hydroxypropyl methylcellulose phthalate, the 
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pH of a neutralized solution wherein a carboxyl group of 
carboxy benzoyl is ionized in a neutralization titration to 
dissolve the hydroxypropyl methylcellulose. In addition, 
for hydroxypropyl methylcellulose acetate succinate, a 
5 dissociation point is the pH of a neutralized solution 

wherein carboxyl groups of succinate and acetyl are ionized 
in a neutralization titration to dissolve the hydroxypropyl 
methylcellulose acetate succinate. The pH of the 
dissociation point for hydropropyl methylcellulose 

10 phthalate or hydroxypropyl methylcellulose acetate 
succinate is close to a pH of 5.0 to 7.0. 

The gum arabic used in the present invention may be a 
viscous sap of an acacia of the Leguminosae family. Its 
molecular structure is at present uncertain. According to 

15 "Shokuhin Tatorui (Food Polysaccharides)", pages 76-84, 

first published on November 25, 2001, by Saiwai Shobo) , its 
component sugars are 36% by weight of D-glucose, 31% by 
weight of L-arabinose, 13% by weight of L-rhamnose, and 18% 
by weight of D-glucuronic acid, and in addition 2% by 

20 weight of protein. The average molecular mass is reported 
as being between 200,000 to 580,000. 

Examples of gum arabic may include gum arabic as 
given in the Japanese Pharmacopoeia and/or the (Japanese) 
Food Additives Regulations. 

25 Gum arabic can be extracted from 500 types of acacia 
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trees. Among those, Acacia Senegal and Acacia seyal which 
can be mainly found in the Sudan are well-known. However, 
a microcapsule of the present invention may use gum arabic 
taken from any tree as long as formation of the 
5 microcapsule is not hindered. 

A concentration of the aqueous gum arabic solution 
may be preferably from 1 to 50% by weight. This is because 
under 1%, microcapsule shell strength may weaken, and above 
50% the solution's consistency may become thick, causing 

10 insufficient dispersion of the core material. 

The usage ratio of an aqueous alkaline solution of 
the enteric anionic cellulose derivative to gum arabic has 
no particular limit as long as the ratio is such that a 
microcapsule may be produced, but preferably is provided in 

15 the preparation of a capsule in a ratio from (90:10) to 
(50:50) (ratio by weight). 

A capsule may be prepared by suspending an oil-based 
core material in an aqueous solution of preferably 1 to 50% 
by weight of gum arabic, and then adding an aqueous 

20 solution of an alkaline anionic cellulose derivative. Even 
if this order is reversed a sufficiently strong stabilized 
microcapsule can be prepared. 

As for the oil-based core material that is immiscible 
with water which is contained within the capsule may 

25 include, but not particularly limited to, a pharmaceutical 
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product, a food product, feed, perfume and a pesticide. 
Fat-soluble vitamins such as vitamin A, D, E or K, water- 
insoluble or sparingly water-soluble drugs such as 
nifedipine, and pheromones and the like can be given as 
specific examples. In particular, since hydroxypropyl 
methylcellulose phthalate, hydroxypropyl methylcellulose 
acetate succinate, and chitosan are non-toxic when used in 
pharmaceutical products or food products, if these are used 
as shell material they may be effective for applying in 
such pharmaceutical or food products . 

The oil-based core material which is immiscible with 
water may preferably be an organic material with a boiling 
point of 100°C or more, and may be for example, a feed, 
perfume or pheromone material. As an example of a feed or 
perfume, soybean oil, sunflower oil, palm oil, corn oil, 
coconut oil, cotton seed oil, castor oil, peanut oil, 
essential oils (such as rose, jasmine, orange, and lime), 
and natural plant or animal glycerides such as soybean 
fatty acids, animal fat, bacon grease, or lard and fish oil 
can be given. In addition, as examples of a pheromone 
material, Z-7-dodecenyl acetate, Z-8-dodecenyl acetate, Z- 
9-dodecenyl acetate, E, Z-7, 9-dodecadienyl acetate, Z, Z-7, 
9-dodecadienyl acetate, E, E-8, 10-dodecadienol, E-4- 
tridecenyl acetate, Z-9-tetradecenyl acetate, Z-9- 
tetradecenal, Z-ll-tetradecenyl acetate, Z-ll-tetradecenal, 
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Z-9-hexadecenal, Z-ll-hexadecenal, Z, E-9, 11- 
tetradecadienyl acetate, Z, E-9, 12-tetradecadienyl acetate, 
Z-ll-hexadecenyl acetate, Z, Z-7, 11-tetradecadienyl 
acetate, Z, E-7, 11-tetradecadienyl acetate, E, E, Z-4, 6, 
5 10-hexadecatrienyl acetate, E, E-10, 12-hexadecadienal, Z, 
Z-3, 13-octadecadienyl acetate, E, Z-3, 13-octadecadienyl 
acetate, Z-7 , 8-epoxy-2-methyl-octadecene, Z-13-icosene-10- 
one, E, E, Z-10, 12, 1 4-hexadecatrienyl acetate, E, E, Z-10, 
12, 14-hexadecatrienal, Z-10-tetradecenyl acetate, E, Z-4, 

10 10-tetradecadienyl acetate, 14-methyl-l-octadecene, (R, Z)- 
5- (1-octenyl) oxacyclopentane-2-one, (R, Z) -5- (1- 
decenyl) oxacyclopentane-2-one, and the like can be given. 

In addition, in a Japanese Pharmacopoeia First Liquid, 
a microcapsule obtained from hydroxypropyl methylcellulose 

15 phthalate and chitosan, or hydroxypropyl methylcellulose 
acetate succinate and chitosan, essentially showed no 
change. However, in a Japanese Pharmacopoeia Second Liquid, 
pH dependent releasibility was shown by rapid 
disintegration, and thus it is learnt that such a 

20 microcapsule may be effective as a controlled release base. 
The form of the core material to be used may be any of a 
solid, semi-solid, liquid or gas. 

The method for suspending a core material in an 
aqueous solution of gum arabic is not particularly limited, 

25 and any commonly performed method is acceptable. For 



example, a stirrer or an emulsifier may be used. 

A preferable additive amount for the core material 
may be 1 to 100 parts by weight per 100 parts by weight of 
gum arabic. 

5 By suspending an oil-based material, which is 

immiscible with water, in an aqueous solution of gum arabic, 
then mixing with an aqueous alkaline solution of an enteric 
anionic cellulose derivative, complex coacervation occurs 
between the anionic cellulose derivative and the gum arabic 
10 which has adsorbed on the oil-based core material and has 
been suspended, thereby allowing a microcapsule comprising 
shell material which comprises both of the polymers to be 
obtained. 

An apparatus used for producing a microcapsule of the 
15 present invention may not be particularly limited, and any 
apparatus which is commonly used in complex coacervation 
may be acceptable. 

A microcapsule form of the present invention may be, 
preferably, a spherical or a spindle shape with an average 
20 diameter of 1 to 10 4 iam. In addition, the form may be any 
of a form wherein the shell material encloses the core 
material, or wherein the core material is dispersed within 
the shell material (beads) , or multilayered capsules or the 
like. The microcapsule form can be controlled by the 
25 stirring speed after adding the aqueous solution of the 



anionic cellulose derivative. 

It may be noted that "microcapsule" as mentioned in 
the present invention is not particularly limited if 
produced in the same manner as that of the present 
5 invention, and may include any of the names such as 
microsphere, nanocapsule, centicapsule, and seamless 
capsule and the like. 

In a microcapsule of the present invention, material 
such as polyhydric alcohol or a surfactant may be 

10 optionally added for the purpose of obtaining suspension 
stability of the core material. In order to further 
strengthen the microcapsule shell, acid treatment may be 
performed with hydrochloric acid, acetic acid, phosphoric 
acid, or the like, with a pH of 3 to 5 desirable. Below 

15 this pH, due to excess acid only anionic polymers may 

preferentially be coacervated. If an aqueous solution of 
methylcellulose is added, capsule size can be controlled. 

A capsule obtained by coacervation may be used as is 
in its dispersed state in water. Alternatively, the 

20 capsule obtained are filtered, dried and stored so that the 
stored capsule will be used in a required amount thereof. 

Herein, the present invention will be further 
specifically explained using examples. However, it should 
be noted that the present invention is not limited to such 

25 examples. 



Example 1 

The 40g of hydroxypropyl methylcellulose phthalate 
(HP-55S: manufactured by Shin-Etsu Chemical Co., Ltd.) was 
mixed with and then dissolved into 180g of an aqueous 0.5 N 
sodium hydroxide solution. The 60g of the resulting 
solution was then mixed with 40g of deionized water to give 
an anionic polymer solution (pH 5.3) . Next, 0 . 5g of gum 
arabic (manufactured by Wako Pure Chemical Industries, 
Ltd.) was added to deionized water to give a 1% by weight 
aqueous gum arabic solution. 

To this aqueous gum arabic solution, 0.2mg of 
riboflavin phosphate sodium (manufactured by Wako Pure 
Chemical Industries, Ltd.) was dissolved. Core liquid was 
made from 20g of the obtained solution, stirred with a 
magnetic stirrer (300rpm) and gradually allowed to drip 
into the hydroxypropyl methylcellulose phthalate. After 
being stirred for some time, the solution was filtered, and 
allowed to dry to obtain a microcapsule. 
Example 2 

The 40g of hydroxypropyl methylcellulose phthalate 
(HP-55S: manufactured by Shin-Etsu Chemical Co., Ltd.) was 
mixed and then dissolved into 180g of an aqueous 0.5 N 
sodium hydroxide solution. The 80g of the resulting 
solution was then mixed with 20g of deionized water to give 
an anionic polymer solution (pH 5.3). Next, 0 . 5g of gum 
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arabic (manufactured by Wako Pure Chemical Industries, 
Ltd.) was added to deionized water to give a 1% by weight 
aqueous gum arabic solution. The lOg of vitamin E 
(manufactured by Eisai Co., Ltd.) was added to 90g of the 
5 obtained aqueous gum arabic solution, and suspended using a 
homogenizer to give a core liquid. The core liquid was 
stirred with a magnetic stirrer (300rpm) and gradually 
allowed to drip into the hydroxypropyl methylcellulose 
phthalate. After being stirred for some time, the solution 
10 was filtered, and allowed to dry to obtain a microcapsule. 
Example 3 

The 15g of hydroxypropyl methylcellulose acetate 
succinate (HPMCAS / Shin-Etsu AQOAT : manufactured by Shin- 
Etsu Chemical Co., Ltd.) was mixed with and then dissolved 
15 into 85g of an aqueous 0.2 N sodium hydroxide solution to 
give an anionic polymer solution (pH 5.5). Except for this 
replacing the anionic polymer solution of Example 1, a 
microcapsule was prepared in the same manner as Example 1. 
Example 4 

20 The 15g of hydroxypropyl methylcellulose acetate 

succinate (HPMCAS / Shin-Etsu AQOAT: manufactured by Shin- 
Etsu Chemical Co.-, Ltd.) was mixed with and then dissolved 
into 85g of an aqueous 0.2 N sodium hydroxide solution to 
give an anionic polymer solution (pH 5.5). Except for this 

25 replacing the anionic polymer solution of Example 2, a 



microcapsule was prepared in the same manner as Example 2. 
Test Example 1 

A microcapsule prepared as in Example 1 was left in 
artificial gastric juice (Japanese Pharmacopoeia First 
5 Liquid; pH 1.2) for 1 hour. Upon observation, the capsule 
showed no change in appearance . 

Then, the microcapsule was left in artificial 
intestinal juice (Japanese Pharmacopoeia First Liquid; pH 
6.8) for 1 hour, whereupon the microcapsule shell was seen 
10 to have swollen and core material released. 
Test Example 2 

A microcapsule prepared as in Example 4 was left in 
artificial gastric juice (Japanese Pharmacopoeia First 
Liquid; pH 1.2) for 1 hour. Upon observation, the capsule 
15 showed little change in appearance. Then, the microcapsule 
was left in artificial intestinal juice (Japanese 
Pharmacopoeia First Liquid; pH 6.8) for 1 hour, whereupon 
the microcapsule shell was seen to have disintegrated and 
core material released. 
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